To provide user-friendly, free, and open moderate-resolution earth observation data, namely, Landsat-8 data, a new graphical user interface (GUI), LandBrowser, which disseminates data using Open Geospatial Consortium (OGC) standards, such as Web Coverage Service (WCS) and Web Map Service (WMS), was launched on December 4, 2014. LandBrowser is used to search and save images. It does not require previous knowledge of image processing, image sensors, date of observation, or geography, and can share information interactively. Statistics, such as the number of downloaded image data, are introduced. To improve position accuracy, Ground Control Points (GCPs) are measured and compared with obtained data. Position accuracy is indispensable to change detection. GCPs were selected in Tsukuba, Hokkaido, and Tohoku areas. Most of the errors were within one pixel. As an example of high-level data application, another GUI called Hotarea, which detects hot spot activities, such as volcanoes, forest fires, and factories, was created. Facebook and Twitter were used to introduce events and activities, methods of use of our disseminated images, and interesting images of the day or related topics. Facebook articles were updated daily. Our future plan to improve user interfaces, which will treat UNIFORM-1 data and CIRC data of Daichi-2, is introduced.
Introduction
The Landsat series satellites, the longest-running earth observation satellites, have been launched by the United States since 1972, and Landsat-8, the newest satellite, was launched on February 11, 2013. Data acquired by Landsat-8 in and around Japan have been made available immediately after observation (within two hours) to National Institute of Advanced Industrial Science and Technology (AIST) since November 22, 2013 using a conventional graphic user interface (GUI). 1) To provide user-friendly, free and open moderate-resolution earth observation data, including Landsat-8 data, a new GUI called LandBrowser, which does not require previous knowledge of image processing, image sensors, date of observation, or geography, and can share information interactively, was launched on December 4, 2014. At the moment, only Landsat-8 data are treated. However, other moderate-resolution earth observation data will be treated as well. Using this GUI, users can download pan-sharpened false-color KML files for each scene (180 km x 185 km), compressed standard data (11-band L1T formatted GeoTIFF data) for each scene, and displayed image on the screen (each band datum (GeoTIFF) with Web Coverage Service (WCS), or pan-sharpened false-color, true-color, or thermal infrared image (jpeg, png, or GeoTIFF) with Web Map Service (WMS). Dissemination methods using WCS or WMS save time and memory space.
Such statistics as the numbers of downloaded compressed standard data, KML files, WMS, and WCS are also introduced.
To improve position accuracy, Ground Control Points (GCPs) are measured with a GPS receiver that can utilize Virtual Reference Station Real Time Kinematic (VRS-RTK), and compared with Landsat-8 data. Position accuracy is indispensable to change detection. We measured and prepared GCPs in Tsukuba (five points), Hokkaido (20 points), and Tohoku areas (26 points).
As an example of high-level data application, another GUI called Hotarea, which detects hot spot activities, such as volcanoes, forest fires, and factories, was created and launched on March 30, 2015.
2)
Finally, our future plan for GUI improvement is introduced. LandBrowser and Hotarea will treat UNIFORM ((UNiversity International FORmation Mission)-1 data 3) and CIRC (Compact Infrared Camera) data of Daichi-2 4) and disseminate them.
Development of User-Friendly GUI: LandBrowser
Our old GUI initially required the date of observation, the region, and the cloud coverage. Then, it searched and downloaded the data scene by scene (a KML file was also provided). It took a long time to download and process the images, and image processing software was required. Moreover, a large storage area was needed and interaction with users was not possible. To provide user-friendly earth observation data, we developed a new GUI called LandBrowser.
Top page
The top page of LandBrowser is shown in Fig. 1 . To access, go to:
http://landbrowser.geogrid.org/landbrowser/index.html. As the default page, a mosaic of the newest cloudless Landsat-8 images of Japan is shown.
The base map can be selected from Bing Maps Hybrid, Bing Satellite, and OpenStreetMap. The cloudless mosaic disappears when "Mosaic" is unchecked. When "TIRS (Thermal Infrared Sensor)" or "Night" is checked and the image is zoomed in to more than level 8, an image obtained by TIRS appears if the image exists. When "Legend" is checked, a temperature scale appears. The positions are displayed after the images of the day are processed. When zoomed in to more than level 8, the newest image corresponding to the place (center of the image) and the conditions (cloud coverage: 100%) are displayed. Shortcut keys are available ("J" is for zooming out, and "K" is for zooming in). An example of a zoomed-in image is shown in Fig. 2 . 
Zoomed-in images
The following features can be used when zooming in on the map (more than zoom level 8).
By sliding "Date Selector," past images corresponding to the same conditions (i.e., cloud overage) can be found. Shortcut keys are available ("H" is for moving past, and "L" is for moving recent).
By clicking "Save," the same range image shown on the screen can be saved. LandBrowser provides pan-sharpened false-color KML files for each scene (180 km x 185 km), compressed standard data (11-band L1T formatted GeoTIFF data) with tar.bz2 for each scene, and displayed image on the screen (each band datum (GeoTIFF) with WCS, or pan-sharpened false-color, true-color, or thermal infrared image (jpg, png, or GeoTIFF with WMS). The dissemination methods using WCS or WMS save time and memory space.
By sliding "Opacity," the image is rendered transparent and the map underneath can be seen. Therefore, viewing position can be confirmed.
By clicking "Share," the same image as that shown on the screen can be reproduced using the displayed URL.
By clicking "Comment," information about the place chosen can be input and sent with a point or a polygon. This feature can be used to construct a database for machine learning or change detection research.
A place can be searched by typing its name on the window and clicking "Go," or by typing the latitude and the longitude.
Downloading Statistics
Downloaded numbers of compressed standard data (tar.bz2), KML, WMS, and WCS data are shown in Figs. 3 and 4. The download site was launched on November 22, 2013, but only tar.bz2 and KML were downloadable with this GUI. Since March 2014, WCS has become obtainable however, it has not been supported by GUI. LandBrowser, which provides tar.bz2, KML, WMS, and WCS data, was launched on December 4, 2014. The downloaded number of tar.bz2 data was increased in September 2014 and thereafter, which would be due to the publication of reference 1. In the case of WCS data, download and processing using QGIS was introduceed in April and May, 2014 on Facebook and our Web site, so that the downloaded number at that time might have increased. The issue here was that the increase was temporal and not sustainable. 
Ground Control Points
To improve position accuracy, GCPs were used. GCPs are easily identifiable reference points from the image captured by earth observation satellites, such as cross sections of farm roads. GCPs were measured by VRS-RTK using GPS and GLONASS, and accuracy was 1 cm. We measured in three areas; Tsukuba, Hokkaido, and Tohoku, and collected 51 points in total.
Tsukuba area
Five GCPs were selected in the area within 10 km of AIST. They were Kihara, Tsuchiura, Fujisawa, Kamigo, and Yatabe. The positions are shown in Fig. 5 . As an example, GCP of Tsuchiura is shown in Fig. 6 . The measured point was the corner of a pier. Using QGIS, the measured point with VRS-RTK and the estimated point from the Landsat-8 image of Band 8 (panchromatic image) were overlapped, as shown in Fig. 7 . As the Landsat-8 image was GeoTIFF data format, geographic information was included, and the information could be used for position alignment. The differences between measured and estimated positions were 12.18 m in the east-west direction and -6.18 m in the north-south direction in Universal Transverse Mercator zone 54. Other points were evaluated in a similar manner. The results in this area are summarized in Table 1 . The average of the absolute errors in this area was 14.14 m, which was within the range of one pixel. 
Hokkaido area
Twenty points were selected mainly in Obihiro and Furano areas in Hokkaido. The points are shown in Fig. 8 . The positions of these points were evaluated in a manner similar to the Tsuchiura case. The results in this area are summarized in Table 2 . Most of the errors were within the range of one pixel (less than 15 m). The average of the absolute errors in this area was 9.88 m. 
Tohoku area
Twenty-six points were selected mainly in Iwate and Akita areas in Tohoku. The points are shown in Fig. 9 . The positions of these points were evaluated in a manner similar to the Tsuchiura case. The results in this area are summarized in Table 3 . Most of the errors were within the range of one pixel (less than 15 m). The average of the absolute errors in this area was 6.87 m. 
Example of High-Level Applications -Hotarea
As an example of high-level data application, we have developed another GUI called Hotarea, which detects hot spot activities, such as volcanoes, forest fires, and active factories.
Top page
The top page of Hotarea is shown in Fig. 10 . To access, go to: http://landbrowser.geogrid.org/hotarea/index.html. The appearance is similar to LandBrowser. As the default page, Japan is shown as the base map. A mosaic of cloudless images appears when "Mosaic" is checked. Scenes (180 km x 185 km) where the most recent hot areas are detected are displayed with the scene boundary. The most probable high-temperature position is marked in each scene. Marker color indicates area size and possibility of high temperature; the order is red, yellow, green, and blue. "Date Selector" is used to select the date. 
Zoomed-in images
An example of a zoomed-in image is shown in Fig. 11 . When a user zooms in (more than zoom level 8), all of the candidates in the scene and the corresponding image are displayed. "Share" and "Opacity" are the same as those of LandBrowser. "Date Selector" is also available. 
Use of Social Network Service
To promote the use of disseminated data, Social Network Service (SNS), such as Facebook and Twitter, is used, where events and activities of our research group are announced; utilization methods of our disseminated images are offered; and interesting images of the day and related topics are introduced.
Events and activities
AIST holds a public day, such as an open house, several times a year. Research results are presented at conferences and meetings. Very important persons or students sometimes visit. Such events and activities are posted on Facebook and Twitter. Figure 12 shows a photograph of newcomers' training at AIST, and was posted on Facebook and Twitter. 
Utilization methods of our disseminated images
We introduce useful applications of our disseminated data on Facebook. For example, Normalized Difference Vegetation Index (NDVI) is a useful index for evaluating vegetation health. The formula is as follows:
NDVI = (IR-R)/(IR+R)
, where IR is reflectance of near infrared light and R is reflectance of red in visible light. An example of NDVI calculation results for Osaka area using our disseminated data is shown in Fig. 13 , and was posted on Facebook. Green is plus and red is minus of NDVI in this figure. 
Interesting images of the day and related topics
We introduce the newest interesting images and related information on a daily basis. For example, a local event, seasonal change, and volcano status are posted. Figure 14 shows yachts participating in a yacht race held in an area on a particular day. 
Future Plan
As a future plan, LandBrowser and Hotarea will be extended to treat UNIFORM ((UNiversity International FORmation Mission) -1 data 4) and CIRC (Compact Infrared Camera) data of Daichi-2.
5)
UNIFORM data include visible light data and thermal infrared data, and CIRC data include thermal infrared data. LandBrowser and Hotarea will unify them and Landsat data seamlessly. 
Conclusions
This study is summarized as follows. 
